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 要  旨 
木星を特徴づけるものに，赤道から南に 22 度の表面に確認できる大赤斑がある．この大赤斑
は，巨大な高気圧の渦であり，その周りには帯状の流れが存在している． 
この現象を説明するために，プラズマ中の静電的抵抗性ドリフト波乱流を記述するモデルであ
る，Hasegawa-Wakatani(HW)モデルを考える．HW モデルを表す方程式はプラズマ中の静電ポ
テンシャル(φ)と，密度(n)の揺らぎの時間発展を記述する方程式であり，非線形状態で帯状流を
自発的に生成することが知られている．HW モデルは密度勾配による不安定性でシアー流を形成
する．この時密度と速度の異なる流体の境界面が存在するので，2 次的な不安定性が生じて帯状
流が形成されると考えることができる． 
本研究では，HW モデルにおける，非線形シミュレーションによって得られるシアー流と帯状
流の周期数と，1 次不安定性と 2 次不安定性の線形解析で得られる周期数の比較を行い，シアー
流と帯状流が生成されるメカニズムを探求した．非線形シミュレーションは，既存の２種類(CPU
と GPU)のコードを用いて行った．1 次不安定性の解析には解析的な表式を用い，2 次不安定性の
線形解析では LAPACKを用いた固有値問題コードを開発し，数値計算を行った． 
まず，1 次不安定性の解析では，一様な背景場φ0 = n0 = 0 からの微小なずれについて線形化し，
解析を行った．1 次不安定性の線形解析で求まった成長率の最大値をとる周期数が，非線形シミ
ュレーションで求まったシアー流の周期数と同じ値をとることを確認した．よって，1 次不安定
性の線形解析によるメカニズムの説明は正しいと言える． 
2 次不安定性の解析では，背景場を 1 次不安定性の固有モードとし，振幅は固定して 2 次不安
定性によって励起する揺らぎについて線形化を行った．結果としては電気抵抗による散逸が乱流
駆動より小さい場合は，線形解析によって求まった成長率の最大値をとる周期数が非線形シミュ
レーションによって求まった帯状流の周期数とおおよそで一致することを確認したが，その逆の
場合では，不一致の部分が多かった．このことは，電気的な要素が強い場面で不一致が目立った
とも言え，3 次的な不安定性が新しく起こったか，もしくは 2 次不安定性でおいた波動解の条件
が足りなかったとも推測できる． 
そして，HW モデルにおける 2 次不安定性は，シアー流ができた後に起こる不安定性であるが，
それに似たものに Kelvin-Helmholtz(KH)不安定性がある．KH 不安定性にはシアー流の波数 ks
と，そのあとにできた帯状流の波数 kzとの間に 0.6ks ≈ kzという関係がある．2 次不安定性の線
形解析の結果は乱流駆動と電気抵抗による散逸が小さい場合と等しい場合で，おおよそ 0.6ks ≈ 
kzを確認することができ，また，ksが変化するパラメータで kzも変化することを確認した．乱流
駆動と電気抵抗による散逸が小さい場合，HW 方程式が渦度方程式と似た式になるため，KH 不
安定性のような挙動を示すと考えられる． 
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????
!( + 21R) + 
2!(1R + )   = 0 (55)
sin???????????????????????? (40)????????
????
221R + (1 + 
2)1R   2!2 = 0 (56)
4.1 2?????????HW???????
HW???? 2?????????HW??????????. 1??????
?????????? ? n???? ?????????,????
(x; y; t) = ^1 sin()e
1Rt + 2(x; y; t) (57)
2 = ^2(y)e
ikxx+2t
n(x; y; t) = n^1 sin( + )e
1Rt + n2(x; y; t) (58)
n2 = n^2(y)e
ikxx+2t
??????? z^r?????????????????? z^r 1?????
???1???????????????????????? 1????? px = 0
???????????????? x???????????????? z^ r 1
? x???????? v1x =  @ 1=@y???????v1x =  ^1 cos e1Rt???
??v01x = @@yv1x = ^1
2 sine1Rt?v001x = @@yv
0
1x = ^1
3 cos e1Rt?????
HW??? (27)??(57)?(58)???????????
2(
@2
@y2
  k2x) 2 + ikx( v001x   k2xv1x + v1x
@2
@y2
) 2 = ( 2   n2) (59)
????HW??? (28)? (55)?(56)??????????
2 n2 + ikx[f  1

( + 21R)v1x +
1

!v01xg 2 + v1x n2] = ( 2   n2)  
@ 2
@y
(60)
????
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4.2 ???
4.2.1 2?????????Hasegawa-Wakatani???????
2?????????HW?????????? (59)?(60)?????????
????????????n01 = ( 1=)(+ 21R)v1x + (!=)v01x???????
?????????????8>><>>:
[ikxfv1x(  @
2
@y2
+ k2x) + v
00
1xg+ ] 2    n2 = 2(
@2
@y2
  k2x) 2; (61)
(  @
@y
  ikxn01 + ) 2   (ikxv1x + ) n2 = 2 n2 (62)
? (61)?(62)????????????????
Av = 2Bv (63)
A =
"
ikxfv1x(  @2@y2 + k2x) + v001xg+   
  @
@y
  ikxn01 +   (ikxv1x + )
#
B =
"
@2
@y2
  k2x 0
0 1
#
v =
"
2
n2
#
???????? 2????????????????????????. E?
?????y???????????A?B?????????????.
A =
"
A1 A2
A3 A4
#
B =
"
B1 B2
B3 B4
#
A1 =
266666666666664
ikxfv1x( 2y2 + k2x) + v001xg+    ikxv1xy2 0 : : : : : : 0   ikxv1xy2
  ikxv1x
y2
. . . . . . . . . 0
0
. . . . . . . . . . . .
...
...
. . . . . . . . . . . . . . .
...
...
. . . . . . . . . . . . 0
0
. . . . . . . . .   ikxv1x
y2
  ikxv1x
y2
0 : : : : : : 0   ikxv1x
y2
. . .
377777777777775
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A2 =  E; A4 =  (ikxv1x + )E
A3 =
266666666666664
 ikxn01 +    2y 0 : : : : : : 0 2y

2y
. . .   
2y
. . . 0
0
. . . . . . . . . . . .
...
...
. . . . . . . . . . . . . . .
...
...
. . . . . . . . . . . . 0
0
. . . 
2y
. . .   
2y
  
2y
0 : : : : : : 0 
2y
 ikxn01 + 
377777777777775
B1 =
266666666666664
  2
y2
  k2x 1y2 0 : : : : : : 0 1y2
1
y2
. . . . . . . . . 0
0
. . . . . . . . . . . .
...
...
. . . . . . . . . . . . . . .
...
...
. . . . . . . . . . . . 0
0
. . . . . . . . . 1
y2
1
y2
0 : : : : : : 0 1
y2
  2
y2
  k2x
377777777777775
B2 = 0?B3 = 0?B4 = E:
???????? (63)???????????LAPACK(Linear Algebra PACKage)
?????????????? LAPACK??????? ZGGEV(???????
??????)?????ZGGEV??????????????????QZ??
????? [13]?
4.2.2 2???????????Hasegawa-Wakatani???????
2.3??????( n)! (~  ~n) ?????????HW??? (61)?(62)
?????(31)?(32)??
(~  ~n) = 

2   1
Ly
Z
2dy   n2 + 1
Ly
Z
n2dy

(64)
R
dy??
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Z
dy 
264 1...
1
375h 1 : : : 1 iy =
264 1 : : : 1... . . . ...
1 : : : 1
375y
???????(64)?????????
( ~  ~n) (65)
~ =
0BBBB@
266664
1 0 : : : 0
0
. . . . . .
...
...
. . . . . . 0
0 : : : 0 1
377775+
266664
  1
ny
: : : : : :   1
ny
...
. . .
...
...
. . .
...
  1
ny
: : : : : :   1
ny
377775
1CCCCA 2
,
~n =
0BBBB@
266664
1 0 : : : 0
0
. . . . . .
...
...
. . . . . . 0
0 : : : 0 1
377775+
266664
  1
ny
: : : : : :   1
ny
...
. . .
...
...
. . .
...
  1
ny
: : : : : :   1
ny
377775
1CCCCA n2
????MHW???? 2?????????????????????? (65)?
????????????
4.2.3 HW??????? 2??????????????
?????HW???? 2???????????50?? 800????????
???????????????? 7?? 250????????????????
??????????????????????????
4.3 HW????MHW???????????
HW????MHW???? 2??????????????????????
????? ???? px????????????????????? 4.2.2??
????????????????????????HW?MHW???????
??????; ????????????????? 2=0:15?400??????
??????
? 2?3?4?5?6?7?? ???????? 1??????2????? (??
??)?2????? (????)???????????????????????
?????
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? 7: 2???????????????????????
? 2?3??? = 0:1; 1?????????????????????????
???????????????????????????? (? 4-7)?????
?????????????????????????? 3??????????
?????????????????????????????????????
??????????????????????? ? 1??????????
???
? 8?9?????????????????????????? 2?3?4?5?6
?????????????? zonal???????????????? ???
? px????2????????????????????????????
?????????MHW??? (33)?(34)????  = 0? = 0??????
????????????????????MHW??????????????
????????????????????? Kelvin-Helmholtz(KH)?????
??????????KH?????????????????????? ks??
????????? kz?????0:6ks  kz?????????????? 2??
 = 0:001? = 0:1??????????????? py = 3???? px = 2??
??0:6py  px??????????????  = ?? ;  < 100??????
????????????????????????????????????
? ???????????????????????????????????
????KH??????????????????????????
??????? ?????? 2????????????????? px??
?? (? 9??????)???? ???? ???????? px??????
(? 9??????)?1???????????????????????????
10??? 2????????????????????????????1???
????????? 2???????????????????2???????
?????????????????????????????1???????
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?????????????????????????????
MHW??? (34)???????????????(~  ~n)?????????
????????~  ~n???????2.3????????HM????????
?????????????????????????MHW??????? 2?
?????????????? = 1????????????? ? n????
j~  ~nj????? j~j???????????????????????
max j~  ~nj
max j~j ; (66)
max j~  ~nj
max j~j (67)
??????? 11?12??????(66)?(67)?????????????? 11
??????????? ~  ~n? 0?????????????????? 12??
~  ~n???????????? 0.65???????????????????
????????????????????????????????? 12???
??? 0??????????? 0?????? 3? = 0:1?????????
??????????????? ?????????????????????
?????????????????????????????  = 10?????
????? 14?15??????(66)?(67)? ????????????????
?  = 1????????????? = 0????????????????
?????? 7?????????????????HM???????????
????????????????????????????
??????????? (~  ~n)?????? (  n)??????????
??????????????????????????? ? n????? ave?
nave?????
(~  ~n)  (  n) = (ave   nave) (68)
??????????????? j~j?????????????
jave   navej
max j~j (69)
????? 13? = 1???? (69)?????????????????? 0.7
?????????????????????????????????????
?????? 16?? = 10???? (69)? ???????????? = 30?
?????? 0???????????????????????????? = 10
???(~  ~n)?(  n)?????????????????????????
??????????
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? 16:  = 10???? ave   nave? ???
? 2:  = 0:1??????????????????????????
1????? 2????? ??
  ??? ??? ??? ??? ??? ???
1:0 10 3 0.1 3 7:78 10 3 2 0.06 2 0.06
1:0 10 2 0.1 5 1:38 10 2 3 0.15 3 0.16
0.1 0.1 9 1:06 10 2 6 0.46 5 0.50
0.4 0.1 9 3:58 10 3 6 0.38 5 0.51
1 0.1 9 1:47 10 3 6 0.32 6 0.53
10 0.1 9 1:47 10 4 6 0.26 6 0.59
100 0.1 9 1:47 10 5 6 0.26 7 0.61
500 0.1 9 2:95 10 6 6 0.26 7 0.61
1000 0.1 9 1:47 10 6 6 0.26 7 0.61
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? 3:  = 1??????????????????????????
1????? 2????? ??
  ??? ??? ??? ??? ??? ???
1:0 10 5 1 1 5:54 10 3 1 4:58 10 3 1 1:53 10 3
1:0 10 4 1 1 1:60 10 2 1 1:26 10 2 1 1:07 10 2
1:0 10 3 1 1 3:72 10 2 1 2:71 10 2 1 2:71 10 2
1:0 10 2 1 3 7:78 10 2 2 6:61 10 2 2 8:66 10 2
0.1 1 5 0.13 4 0.16 4 0.20
0.2 1 6 0.14 5 0.20 4 0.29
0.4 1 7 0.14 5 0.24 5 0.37
0.6 1 8 0.13 6 0.30 5 0.46
0.8 1 8 0.11 6 0.28 5 0.45
1 1 9 0.10 7 0.36 6 0.56
10 1 9 1:47 10 2 7 0.19 7 0.53
20 1 9 7:37 10 3 7 0.18 7 0.54
30 1 9 4:92 10 3 5 0.17 7 0.54
40 1 9 3:69 10 3 5 0.17 7 0.54
50 1 9 2:95 10 3 5 0.17 7 0.54
60 1 9 2:46 10 3 5 0.17 7 0.54
70 1 9 2:11 10 3 5 0.17 7 0.54
80 1 9 1:84 10 3 5 0.17 7 0.54
90 1 9 1:64 10 3 5 0.17 7 0.54
100 1 9 1:47 10 3 5 0.17 7 0.54
120 1 9 1:23 10 3 5 0.17 7 0.54
140 1 9 1:05 10 3 5 0.17 7 0.54
160 1 9 9:23 10 4 5 0.17 7 0.54
180 1 9 8:20 10 4 5 0.17 7 0.54
200 1 9 7:38 10 4 5 0.17 7 0.54
300 1 9 4:92 10 4 5 0.17 7 0.54
400 1 9 3:69 10 4 5 0.17 7 0.54
500 1 9 2:95 10 4 5 0.17 7 0.54
1000 1 9 1:47 10 4 5 0.17 7 0.54
21
? 4:  = 10??????????????????????????
1????? 2????? ??
  ??? ??? ??? ??? ??? ???
1:0 10 5 10 1 1:80 10 2 1 1:41 10 2 1 1:12 10 2
1:0 10 4 10 1 5:54 10 2 1 3:28 10 2 1 3:30 10 2
1:0 10 3 10 1 0.16 1 0.11 1 0.11
1:0 10 2 10 1 0.37 1 0.31 1 0.31
0.1 10 3 0.77 1 0.74 1 0.74
0.2 10 3 0.95 1 0.92 1 0.92
0.4 10 4 1.14 1 1.12 1 1.12
0.6 10 5 1.25 1 1.23 1 1.23
0.8 10 5 1.33 1 1.31 1 1.31
1 10 5 1.38 1 1.36 1 1.36
10 10 9 1.06 1 1.05 1 1.05
20 10 9 0.66 1 0.65 1 0.65
30 10 9 0.46 3 0.47 3 0.47
40 10 9 0.35 3 0.40 3 0.40
50 10 9 0.28 3 0.35 3 0.35
60 10 9 0.24 5 0.32 5 0.32
70 10 9 0.20 5 0.30 5 0.30
80 10 9 0.18 5 0.29 5 0.29
90 10 9 0.16 5 0.28 5 0.28
100 10 9 0.14 5 0.27 5 0.27
120 10 9 0.12 5 0.26 5 0.26
140 10 9 0.10 5 0.25 5 0.25
160 10 9 9:21 10 2 5 0.24 5 0.24
180 10 9 8:19 10 2 5 0.23 5 0.23
200 10 9 7:37 10 2 5 0.23 5 0.23
300 10 9 4:92 10 2 5 0.22 5 0.22
400 10 9 3:69 10 2 5 0.21 5 0.21
500 10 9 2:95 10 2 5 0.21 5 0.21
1000 10 9 1:47 10 2 5 0.20 5 0.20
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? 5:  = 100??????????????????????????
1????? 2????? ??
  ??? ??? ??? ??? ??? ???
0.00001 100 1 5:75 10 2 1 3:35 10 2 1 3:36 10 2
0.0001 100 1 0.18 1 0.12 1 0.12
0.001 100 1 0.55 1 0.39 1 0.39
0.01 100 1 1.60 1 1.17 1 1.17
0.1 100 1 3.72 1 3.17 1 3.17
0.2 100 2 4.62 1 4.22 1 4.22
0.4 100 2 5.92 1 5.45 1 5.45
0.6 100 2 6.70 1 6.22 1 6.22
0.8 100 2 7.22 1 6.89 1 6.89
1 100 3 7.78 1 7.46 1 7.46
10 100 5 13.86 1 13.63 1 13.63
20 100 6 14.91 1 14.71 1 14.71
30 100 7 14.92 1 14.74 1 14.74
40 100 7 14.45 1 14.28 1 14.28
50 100 8 13.90 1 13.73 1 13.73
60 100 8 13.24 1 13.07 1 13.07
70 100 8 12.55 1 12.39 1 12.39
80 100 8 11.87 1 11.71 1 11.71
90 100 9 11.25 1 11.10 1 11.10
100 100 9 10.67 1 10.52 1 10.52
120 100 9 9.61 1 9.47 1 9.47
140 100 9 8.69 1 8.56 1 8.56
160 100 9 7.90 1 7.78 1 7.78
180 100 9 7.22 1 7.12 1 7.12
200 100 9 6.64 1 6.54 1 6.54
300 100 9 4.68 1 4.60 1 4.60
400 100 9 3.58 1 3.52 1 3.52
500 100 9 2.89 1 2.85 1 2.85
1000 100 9 1.47 1 1.44 1 1.44
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? 6:  = 500??????????????????????????
1????? 2????? ??
  ??? ??? ??? ??? ??? ???
1 500 2 23.13 1 21.11 1 21.11
100 500 6 74.58 1 73.58 1 73.58
500 500 9 53.36 1 52.64 1 52.64
1000 500 9 33.23 1 32.72 1 32.72
? 7:  = 1000??????????????????????????
1????? 2????? ??
  ??? ??? ??? ??? ??? ???
1 1000 1 37.28 1 31.73 1 31.73
100 1000 5 138.61 1 136.34 1 136.34
500 1000 8 139.02 1 137.33 1 137.33
1000 1000 9 106.73 1 105.29 1 105.29
5 ???????????????????
???????????????????? ???????????????
???????????????????? 17?????????????????
???? px?????????? ?????????????????????
?? 17??????????????????????????????????
??????????????????????? ?????????????
????????????????? 2?????????????? px???
???????????????????????????????????HW
?????????????????????????????????????
HW?????; ????????????????? 2=0:15???????
?????? 256  256??????????????????????????
????????????????????? 400????????
5.1 1?????????????????
1???????????????????????????????????
?????????????  ??????????????? 18???????
???????????????? ????????????????????
??? 19?????? 1??????????????????? py?????
???? 18?19??????????????????????????????
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? 17: ??????????? (???)???????? (px = kx=k)????
??? ?????
??????????????????????????????? = 40;  = 1
????????????? 20? = 40? = 1????????????? ?
????????????????????????????? py = 8? py = 9
??????????????? 21?????????????????????
?? py = 9?????py = 9? py = 8????????????????????
?????????????????????????????????????
??????????????????????????????????????
1?????????????????????????
5.2 2????????????????
???????2????????????y????????????????
??????????????
???????????????? 22???????? x?????? px? 1
???????????? 23??????????????????????? px
? 1???????????????????????????????????
????????????????? 24?25?????????????????
?????????? px = 3?????????????????????????
????? 24??????????????? 5??????????????
??? 25??????????? px???????? 5???????????
??????????????????????????2???????????
?????????????????3????????????????????
???????????????? 3????????????????????
???HW???? 2?????? Poisson?????????????????
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? 26: ???????????????????????????????
???????? (? 27? time=80??)??? 3?????? 2???????
?????????????????????????????????????
??????????????????????????????
????????????????????????????????????
?????? 8??? ??????????????????????? ?
????? 1???????????????????????????????
py????????????????? ?????? 2???????????
???????????????????? px??????????2?????
???????????????????????????? 8????????
?????????????????????????????????????
???????????????????????????????????5.1?
?????????????????????????????????????
??????????????
? 26 ????????????????????????????? px???
??????????????Right??????Wrong???????????
??  < ??? (? 26?????)?????????????????????
  ?????????????????? ???????????????
?????????????????????????????????? ??
?????? (16)????????????????????????1????
????????????????2?????????? 4.1????? 2? n2
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? 27: ??????????? (????????)???????? (px = kx=k)
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?????
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? 8: ???????????????????? px?py???
???? (py) ??? (px)
  ??? ?? ??? ?? ?? (??)
0.8 1 8 8 5 6 5
1 1 9 9 3 7 6
10 1 9 9 3 7 7
20 1 9 9 2 7 7
40 1 8 9 1 5 7
1 10 5 5 1 1 1
10 10 9 9 5 1 1
20 10 9 9 1 1 1
30 10 9 9 2 3 3
40 10 9 9 3 3 3
50 10 9 9 3 3 3
60 10 9 9 4 5 5
70 10 9 9 2 5 5
80 10 9 9 3 5 5
90 10 9 9 2 5 5
100 10 9 9 5 5 5
140 10 9 9 2 5 5
180 10 9 9 3 5 5
300 10 9 9 1 5 5
400 10 9 9 1 5 5
500 10 9 9 1 5 5
600 10 9 9 1 5 5
1000 10 9 9 1 5 5
1 100 3 3 1 1 1
10 100 5 5 1 1 1
100 100 9 9 5 1 1
1000 100 9 9 2 1 1
1000 1000 9 9 5 1 1
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6 ???
??????HW????????????????????????????
?????????????1?????? 2????????????????
?????????????????????????????????????
???????????????? (CPU?GPU)????????????1?
???????????????????2??????????LAPACK???
???????????????????????
???1????????????????? 0 = n0 = 0???????? 1?
n1????????????????1???????????????????
?????????????????????????????????????
?????????????????1???????????????????
???????????
2???????????????????2??????????????? 1
??????????????????????2??????????????
??????? 2? n2????????? ^2 ?n^2? 2????????????
?????????? ? ????????????????????????
?????????????????????????????????????
??????????????????????? ????????????
?????????????????????????????????????
????3????????????????????? 2??????????
????????????????????
????HW??????? 2??????????????????????
????????????Kelvin-Helmholtz????????KH???????
?????? ks??????????????? kz???? 0:6ks  kz????
?????2??????????????? 10?9????? = ?????
;  < 100?????? ??????????? 0:6py  px????????
???1?????? py??????????? px??????????????
? ???????HW?????????????????????HW?
???????????????KH???????????????? = ?
???? ;  < 100????????????????????????????
?????? ???????????????HW????????????
???????????????
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??
A HW????????????????KH???
?
? 5? 3?????? HW??????? 2???????1????????
?????????????????????????????????????
??????????????????????Kelvin-Helmholtz(KH)?????
????????KH???????????????????????????
?????????????????????????????????????
?????????????HW?????????? (61)??????????
????????
A.1 ?????????Kelvin-Helmholtz????
HW??? (27)????, = 0?D = 0???
@
@t
+ f; g = 0 (70)
?????????????????????????????????????
???????? = 0???? (61)??????????KH????????
???????????
?????????????????
@
@t
+ f; g = 0 (71)
???? =  r2????KH??????????????????????
?? ^ sin(kyy)?^ sin(kyy)?????????
 = ^ sin(kyy) + (x; y; t) (72)
(x; y) = ce
i(kx+ky)+t (73)
 = ^ sin(kyy) + (x; y; t) (74)
(x; y) = ce
i(kx+ky)+t (75)
????(72)?(74)? (71)?????(x; y)?(x; y)? 2??????????
?????????????????KH?????
( + ikxv1x)^ = ikxv
00
1x^ (76)
????? =  i!????? =  r2???
@2^
@y2
  k2x^ =
kxv
00
1x
! + kxv1x
^ (77)
??????????????????????
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A.2 KH????????????????????
(76)??  =    ikxky^ cos(kyy)?????????
 + ikxky ^ cos(kyy) = 0 (78)
???????r2 = ( @2
@y2
  k2x)?^ =  k2y^?? (78)??

@2
@y2
  ikxk3y^ cos(kyy) = k2x (79)
G = =????
@
@y

2
@
@y
G

= 2k2xG (80)
????????????????????????????????? k2x  0?
???????? kx??????@=@yG  0?????G0 = const???????
???? (80)????????
k2x
2 = 0
??? y???????,Re[] > 0???? vx = ^ky cos(kyy)????
2 =
1
2
k2xv
2
x
 =
r
1
2
kxvx (81)
?????????? (81)? kx = 0???????????????????
????? y????????????ky = 2:0?? kx???????????
???????? 2????? 29?KH?????????? (81)?KH???
??????????????????????????????????? (81)
?????????????kx = 0?????????????????????
???????????????????????
A.3 ??????KH???????
?????????????? Lx; Ly = 2????
A.3.1 HW??????????????????KH??????????
??
? (61)?  = 0???????? 50?? 800???????????????
?????????? 30?? 200??????????????????????
???????????
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? 31: HWvt?KHvt????????
A.3.2 ??????
??????KH???? (???????KHvt???)???? (77)??HW
??????????????KH???? (?????HWvt???)?????
?????KHvt???????????!???? Im[!] > 0???????HWvt
??????Re[2] > 0?????
400????????KHvt?HWvt???????????????? 31???
?????????????????????
A.3.3 ???????
A.3.2??????HWvt?KHvt?????????????????????
?????????????????????????????????????
????????????????
???????KHvt??????LAPACK???????DGGEV?????
??????????????????????????????????????
DGGEV?????????????????????????????????
????????? vr(n)  vr(n + 1)  i??????????????????
????????????????????????? vr(n+1)????????
???
???? 32?????HWvt?????? 0.975??? 33?????HWvt??
???? 1.015??? 34??????HWvt?????? 0.93??????????
? 32?33?34??????????????????????????HW??
?????????? (61)????????????????
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